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What is Propolis? (1,2,12)
Propolis:
bee putty or bee glue:
a mixture of resin,bee'swax and  secretions from bee's
salivary(enzymes).
Source:buds and barks of certain trees
























Presence of hydroxyl groups attached to one or more 
benzene rings.
Can be found from simple molecules to highly 
polymerized compounds.
Associated with molecules such as sugars, oganic acids 
and lipids
Widely used in human health as antiseptics and in 
sunscreens to protect the skin.
,Antioxidant,anti-inflammatory and anti cancer activity 
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Propolis components4 , 5,6,30
Flavonoids(cinnamic acid as an intermediate):
Prevention of single strand breaks,double strand breaks.
Chromosomal aberration and mutation
In cancer cells Binding and cleavage of DNA  and 
generation of ROS(reactive oxygen species) in the presence 
of metal ions
ROS :secondary metabolism product(DNA,protein,lipid
damage[H2O2,OH¯])
Inhibition of topoisomeraseII and protein tyrosine
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Propolis components8,9,12,31
CAPE(caffeic acid phenethyl ester):
• The most potent antitumor agent 
• Inhibition of the tumor promotion mediated oxidative
processes.(ROS)
• Inhibition of azoxymethane –induced colonic 
pereneoplastic lesions
• Inhibition of enzyme activities :
• Ornithin decarboxylase(The level of poly amines          proliferation




Propolis and components 8,9,12,13
CAPE(caffeic acid phenethyl ester):
• Induction of apoptosis
• Loss of expression of the inhibitors of apoptosis:cIAP -1
cIAP -2 and XIAP
• Antiproliferative effect (suppression of cyclins and cell cycle 
arrest) 
• Inhibition of NF-ƙB
• Inhibition of p70S6K(an intermediary of the 
PI3K/AKT pathway responsible for the protein synthesis.
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Propolis and components 13
CAPE(caffeic acid phenethyl ester):
• Suppressing and invasion of human hepatocellular 
carcinoma cells(SK-Hep1)          inhibiting the expression 
of MMP2,MMP9(matrix metalloproteinases).








CA(caffeic acid[3,4-dihydroxy cinnamic acid]):
An antioxidant,antithrombosis Antiviral and antitumor
 Inhibition of cell proliferation due to generating 
intracellular ROS
Changing in the levels of antioxidant enzymes like SOD




i.Fluorescence microscopic images of apoptotic morphology by dual staining .arrow mark 
represents orange-colored cells which are late apoptotic cells.ii Percentage of apoptosis.




Comparison  in CBA mice in 
mammary carcinoma(Mca)
Inhibitory effect of WSDP,CA  and 
CAPE on metastasis.
Inhibition of tumor growth by CA 
and CAPE is more efficient thanWSDP
 antitumor activity of WSDP is due 




 Induction of apoptosis through caspase activation, 
suppressing anti-apoptotic proteins.(IAPs,Akt,NF-ƙB)
 Antiproliferative effect(suppression of Cyclins and cell 
cycle arrest)
Artepillin C:
 Induction of apoptosis
 Uniquely found in Brazilian green propolis 
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Propolis and components 24
Propolin A,B,C:
• PropolinC: Characterized from Taiwanese propolis.
• Structure characterization by NMR (identical to 
prenyflavanones nymphaeol-A)
• More effective in induction of apoptosis in human melanoma 
cells.
• More active in inhibition of xanthine oxidase activity
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Propolis and components 24
Apoptosis mechanism induced by propolinC via 
activating of caspase dependent manner:
• coupling of initiator caspase (8,9,12)to proapoptotic signals.
• Activating of effector caspases (3,6,7)
• Cleaving of cytoskeletal and nuclear proteins(PARP, lamin
A)
Apoptosis by mitochondrial pathway:
• Cleaving of Bid by caspase-8 
• Activation of caspase-9
• Formation of apoptosomes
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Propolis and components24
Western blot analysis(antibodies against cytochrome C)
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 Treating of cells with 
7.05,11.75,16.35µM
Propolis and compnents 24
Propolin C :
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DNA fragmentation assay in 
human melanoma cells 
 Morphological changes of    
nucleous by propolin C 
By fluorescence microscope
 Condensed and 
fragmentated nuclei 






• Genetically programmed cell death
Series of morphological modifications :








 Biochemical criteria of apoptosis:
Changes in mitochondrial membrane permeability 
Caspase activation 
Release of intermembrane space mitochondrial proteins
 Signaling pathways:
1.Death receptors(extrinsic pathway)                
2.Motochondria(intrinsic pathway)              activating of 
caspase3     
Apoptosis 6,14
Motochondrial pathway:(two protein families)
Bcl2 related proteins: 
 Anti apoptotic proteins (Bcl-2, Bcl-xL,Bcl-W)
 Proapoptotic proteins(Bax,Bad,Bak,Bik, Bcl-Xs)
The roles of Bcl2:1.inhibition of permeabilization in 
membrane 
2.inhibition of caspase3,9 directly
Caspase family ( caspase-3a key role)
• Bcl2/Bax: more important in the regulation of apoptosis than 




 Intrinsic pathway: 
https://www.easybiologyclass.com/intrinsic-pathway-of-apoptosis-apoptosis-molecular-mechanism-part-1/
Apoptosis 6,14
Assisting of AIF in apoptosis:
• Apoptosis inducing factor(AIF): a flavoprotein residing in 
the mitochondrial intermembrane space.
• Translocating of AIF from the mitochondria to the 
nucleouse
• 1.chromatin condensation





The role of AIF in apoptosis:
Apoptosis24,34





TRAIL mediated apoptosis 17
• A member of TNF super family 
• The tumor necrosis factor-related apoptosis- inducing ligand 
(TRAIL):an important endogenous anti-cancer agent
• Induction of apoptosis selectively in tumor cells.
• Expressing of TRAIL molecules on the cell surface of T 
lymphocytes, natural killer cells,dendritic cells,neutrophils




• Initiation:binding to TRAIL –R1(DR4)and /or TRAIL-
R2(DR5) receptors 
• Binding to adaptor molecule TRAIL- associated death 
domain (TRADD) with the formation of the death inducing 
signaling complex(DISC)
• Activation of caspase-8 and effector caspases
• Forming the  link between the extrinsic and intrinsic 










• A kind of nuclear transcription factor
• Inhibiting by IƙB in the cytoplasm
• Phosphorylation of IƙB by IKK
• Ubiquitin degradation by the 26s proteasome
• translocation of NF-ƘB dimers to the nucleous
• Expressing of immune system,proliferation, 
antiapoptosis genes





 TNFalpha :a poor apoptotic 
inducer (TNFR1)
 Ablating of TNFalphaʼs
proapoptotic activity
 Suppressing apoptosis 
induced by a variety of DNA 
damaging chemotherapeutic 
drugs
 Inhibiting: IAPs,cFLIP, 
TRAF1(TNF receptor 
associated factor1) and 
TRAF2
 Enhancing the expression of 
Bcl-Xl





• One of the most important pathways in cancer 
• Regulatory roles in cell survival, proliferation and 
differentiation as well as apoptosis.
• Teansducing signals from growth factors to 
messages(phospholipids)
• Conformational changes in Akt (activation)
• Translocation to the plasma membrane by docking of the 
N-terminal region of Akt to PIP3





JNK(Jun N-terminal kinases) pathway:
• Belonging to the superfamily MAP kinases




• involving in cell proliferation, differentiation and apoptosis
• Stimulating by growth factors,cytokines and stress factors


















• An important subfamily of MAPkinases
• Involving in cell survival, anti-apoptotic function.
• Stimulating by growth factors,GPCR associated 
ligand
• Initiating of stimuli by Ras/Raf
• Activating of CREB(cAMP response element binding) by 






Propolis as an apoptotic 
inducer  
Propolis as an apoptosis inducer 17
Resistance to TRAIL mediated apoptosis:
• Resistance of LNCaP(prostate cancer cell line) to TRAIL
–mediated apoptosis.
• Enhancing sensitivity of Brazilian green  propolis LNCaP 
to TRAIL by the regulation of TRAIL-R2 expression.
• Increasing the expression by apigenin and quercetin.
The less active: ArtepillinC and Kaempferol
P-coumaric acid: the smallest effect
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Propolis as an apoptosis inducer26
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 Caspase 8 also 
mediates cleavage of 
Bid (BH3 interacting 
domain death 
agonist)
 Truncated bid called 
tbid translocates to 





Propolis as an apoptosis inducer17
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Cytotoxic and apoptotic effects of TRAIL in combination with Brazilian green propolis in 
LNCaP prostate cancer  cells 
 The effect of propolis on apoptosis 
Propolis as an apoptosis inducer17
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 The effect of green propolis on TRAIL-R1 and TRAIL-R2 
expression
Propolis as an apoptosis inducer17
NF-ƙB and TRAIL pathway:
• NF-KB acts as a survival factor by protecting tumor cells 
fromTRAIL induced apoptosis.
• Expressing the NF-ƙB by LNCaP resistance to TRAIL  
by inhibiting caspases and Bid activation Down
regulating of NF-ƙB
• EEP affects the intrinsic and extrinsic apoptotic pathways 
and regulates NF-ƙB activity.
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Propolis as an apoptosis inducer17
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 NF-ƙB and TRAIL pathway:
Propolis as an apoptosis inducer16
• Induction of apoptosis in Leukemia cells(U937) by 
chrysin:
• Induction the oligonucleosomal DNA fragmentation at 50 μg 
after 6h 
• Reducing the viability of the U937 cells with an IC50 of 16
μg 
• Activation of caspase-3 involving inactivation of Akt
(dephosphorylation) (PKB) signaling (PI3K/Akt)
• Down regulating of X-linked inhibitor of apoptosis 




 Prevention of apoptosis by 
Phosphorylation of Akt
 Phosphorylation of BAD by Akt
inactivation of caspase-9
 BAD-p
 attaching to 14-3-3
 a failure in 
heterodimerization with Bcl2 
(mitochondrial membrane)
BAD without p releases cytosolic 
14-3-3    
The effect of chrysin on PI3K/Akt signaling associated with 
apoptosis on U937 cells 16
The effect of ER(endoplasmic reticulum) stress on 
apoptosis3
ER stress 
• Triggering a set of pathway known as the unfold protein 
response
• Mediating by the upregulation of chaperons(glucose 
related protein(78KDa(GRP78),GRP94,oxygen regulated protein 150 
Kda)
• Induction of CHOP(C/EBP homologous transcription factor)
• Proapoptotic pathways are mediated by the induction of 
CHOP if ATF6,IRE1,PERK don’t activate.
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The effect of ER stress on apoptosis3
Brazilian red propolis(BRP) :reduction of MCF7 
viability through the mitochondrial apoptosis,
caspase3 activity and DNA fragmentation
ER stress :
BRP  induces CHOP expression in MCF7 cells.
53
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Propolis and cancer 







































Propolis and cancer 11,12,15




Decreasing the stem cell populations
Prevention of metastasis by inhibition of matrix 
metaloproteinases
Anti inflammatory effect
Alteration of oncogene signaling pathways
Adaption of the tumoral microenvironment
Suppressing cancer/precancerous cells proliferation via its 
immunomodulatory effect
56
Propolis and cancer 12
Antiangiogenic activity:
• To forming the blood vessels: 
Migration, proliferation and differentiation of endothelial 
cells
Production of vascular endothelial growth factor(VEGF) 
from endothelial cells. 
EX:Green propolis containing artepillinC(suppressing     
angiogenesis) and CAPE(inhibition of VEGF) by Reduction 




• A complex of Cdc2 and cyclin B1 :entry into mitosis.
• Phosphorylation of Tyr15of Cdc2:supressing activity of 
Cdk1/cyclin B1 kinase complex.
• Binding of CIP(p21)/KIP(p27)family to cyclin/CDK 
=prevention of activation of kinase=blocking the cell cycle 
at G0/G1,G2/M 
• Similar to CAPE,ARC docks into mortalin –p53 complexes      





of the expression of 




expression of p21 and 
p27= induction of cell 
cycle arrest by 
reducing the complex 
of Cdc2/cyclinB
Propolis and cancer 15
Propolis may decrease cancer stem cells population:
• CAPE caused a dose dependent inhibition of all three 





Propolis and cancer 15.10
Propolis can modulate the tumor microenvironment
• Microenvironment consists of stromal, endothelial, 
immune and cancer cells
• MMP inhibitors:Batimastat,Marimastat(muscoloskeletal effect
• CAPE:suppressing the and invasion of (SK-Hep1)              
MMP-2,9
• Inhibition of NF-ƙB pathway.
• Brazilian green propolis:inhibition the expression of the 




Application of different propolis:.
• Cuban : antitumoral effect by targeting topoisomerase I 
and DNA  polymerase) inducing G0/G1 arrest and DNA 
fragmentation in colon carcinoma cells.
• Chinese :antitumoral activity against MCF-7and  MDA-
MB-231
• Brazilian :regulation of protein expression of cyclinD1, 
B1and CDK and p21 In human prostate cancer cells.
• Iranian :protective effects on N-methyl-N-nitro-N-
nitrosoguanidine(MNNG)initiated gastric cancer in rats.
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Propolis and cancer 14
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Brazilian red propolis:
In creasing the 
expression of 
Bax and Bcl2 
with  BRP
Increasing Bax
and Bcl2 ratio in 
5637 cell line 
after 100 µg/mlBCL2
BAX
Propolis and cancer 7,13
The effect of propolis on H.Pylori as a risk factor 
in gastric cancer:
• Increasing rate of antibiotics resistance.
• Maintaining neutral pH by Urease and carbonic anhydrase 
• Toxicity of  urease inhibitors like phosphorodiamidates, 
hydroxamic acid derivative and imidazole.
• Deformylase : catalysing the removal of formyl group 
from the N-terminus of nascent polypeptids
chains(essential for the bactrial survival)
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Propolis and cancer7
The effect of propolis on H.Pylori as a risk factor 
in gastric cancer:
• CAPE as a competetive inhibitor of peptide deformylase
• Anti urease activity of propolis is determined by phenol 
hydrochlorite assay:
• a mixture of buffer +urease enzyme+propolis is 
incubated.then by adding phenol ,absorbance measures at 
625nmby using UV/VIS spectrophotometer)




Propolis and Nanoparticles 
Propolis and Nanoparticles11
Chitosan  based nano for delivery of propolis
• Orally administerated propolis is rapidly degraded in the 
body (GIT)
• Developing Nano-in-microparticles(NIMs)
• Formulation of propolis in different solid dispersion (SD) 
matrics and polymeric nanoparticles of different 
structures





1_Improving  the drug bioavailability
2_conferring  sustained drug release 
3_enhancing  the overall therapeutic efficiency
4_targeting of cancer cells selectively 
1_
• Protecting the payload from the 
biological milieu
2_
• Improving cellular uptake 
3_
• Optimizing the aqueous/lipid 
solubility 






2 methods of propolis extraction:
1.Sonication (UE):15.7%(propolis yield)
Mechanical effects of acoustic cavitation.
greater antioxidant and flavonoid cpmpounds
Increasing the active constituents with the time




 Using microwave energy to heat solvents in contact with 
a sample
Partitioning some chemical components from the matrix 
into the solvents
Fast
Decreasing the yield by additional cycle irradiation 
Oxidative changes by high energy influx.
 Reduction of extraction time and increasing extraction 







DAPI: (nuclear staining with 4,6-diamidino-2-
phenylindole(DAPI)




Incubatioin on ice,resuspending in PBS  buffered 
paraformaldehyde solution containing 4,6 diamidino-2-
phenylindole(DAPI) 
Observing the cells nuclei under a fluorescence microscope.
 DAPI assay
Techniques6
Annexin V binding assay to detect apoptotic cells
• Determination of apoptosis (identifying the externalization
of PS( phosphatidylserin)
• Specific binding of annexin V-FITC by incubating for 15 
min in a binding buffer 
• binding buffer (HEPES,NaCl, CaCl2)containing a saturating 
cocentration of annexin V-FITC and PI. 






Analyzing on a agarose gel 




















3_creme Skin care Forever brand(41)
4_Blen(green 
propolis extract)
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